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B2 B oscillations were searded for in a large semileptonic sample corresponding to approxi-
mately 460pb ! of integrated luminosity accumulated with the D  Detector in Run |1 at Fermilab
(Tevatron). The avor of the nal state of the B mesonwas determined using the muon charge
from the partially reconstructed decay B! * D¢ X, D, ! , ! K"K . The opposite-side
muon tagging method was used for the initial-state avor determination. A 95% con dence level
limit on the oscillation frequency ms > 5:0 ps ' was obtained.
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. INTR ODUCTION

One of the most interesting topics in B physicsis B mixing and measuremen of ms. Combining ms and

mgy would allow to reducethe theoretical uncertainty on Viq. Currently the Tevatron is the only placein the world
where B2 mixing can be measured. No measuremen of B mixing exists, and the current limit is mg > 149 ps !
at the 95% CL [1]. Global ts to the unitarit y triangle give ms = 183 1:7 ps ! which is in the range (15.6 {
22.2) ps ! at the 95% CL if the current experimental limits on mg are taken into accourt. Otherwise, global ts
give mg= 20:6 3:5ps ! which isin the range (14.2{ 28.1) ps ! at the 95% CL [1].

I DETECTOR DESCRIPTION

The following main elemers of the D detector are essetial for this analysis:

A magnetic certral-trac king system, which consists of a silicon microstrip tracker (SMT) and a certral b er
tracker (CFT), both located within a 2 T superconducting solenoidal magnet;

A muon systemlocated beyond the calorimetry.

The SMT has 800,000 individual strips, with typical pitch of 50 80 m, and a designoptimized for tracking
and vertexing capability at j j < 3, where = In(tan( =2)). The system has a six-barrel longitudinal structure,
ead with a set of four layers arranged axially around the beam pipe, and 16 radial disks. The CFT has eight thin
coaxial barrels, eah supporting two doublets of overlapping scirtillating b ers of 0.835mm diameter, one doublet
being parallel to the collision axis, and the other alternating by 3 relative to the axis. Light signalsare transferred
via clear light b ersto solid-state photon counters (VLPC) that have 80% quantum e ciency .

The muon system consistsof a layer of tracking detectors and scirtillation trigger counters before 1:8 T toroids,
followed by two additional layers after the toroids. Tracking at j j < 1 relieson 10 cm wide drift tubes, while 1 cm
mini-drift tubesare usedat 1< j j< 2.

I1l. DATA SAMPLE

This analysisusesaB ! * D, X data sampleselectedwith anoine Iter from all data taken before Septenber
2004 with no trigger requiremert.

The selectionsfor the oine Iter are described below.

For this analysis muons were required to have a reconstructed track segmen in at least one chamber outside the
toroid, to have an assaiated track in the certral tracking systemwith hits in both SMT and CFT presen and to
have transversemomertum p; > 1.5 GeV/c, pseudo-rapidity j j < 2 and total momertum p > 3 GeV/c.

All charged particles in the evernt were clustered into jets using the DURHAM clustering algorithm [2] with a Py
cut-o parameter setat 15 GeV/c [3].

The D, candidate was constructed from 3 particles included in the samejet as the reconstructed muon. Two
of them should give the mesonmassafter assigningthem kaon masses:1:006 < Mk < 1:030 GeV. The third
one should have a charge opposite to the muon charge. All three particles should have hits in the SMT and CFT,
transversemomertum pr > 0:7 GeV/c and pseudo-rapidity j j < 2. They should form a common D s-vertex with

2 < 16 of the vertex t. The vertexing algorithm is described in detail in [4]. For eac particle, the axial 1 and
stereo | projections of the track impact parameterwith respectto the primary vertex together with the corresponding
errors( (1), (L)) werecomputed. The combined signicance ( 1= ( 1))%+ ( L= ( L))? wasrequired to be greater
than 2 for the pion and at least one of the kaonsshould have a signi cance greater than 4. The distance d? between
the primary and D vertices in the axial plane was required to exceed4 standard deviations: d®= (d?) > 4. The
angle ? betweenthe D momertum and the direction from the primary to D¢ vertex in the axial plane should
satisfy the condition: cog ?) > 0:9.

The tracks of the muon and D, candidate should produce a common B-vertex with 3 < 9 of vertex t. The

transversemomertum of a B2-hadron PTD s wasde ned asthe vector sum of transversemomerta of muon and Dy .
The massof the ( * D) systemshould be within the limits: 1.5< M ( *Dg) < 5.5 GeV/c2. The transversedeca
length of a B{-hadron d? was de ned as the distance in the axial plane betweenthe primary vertex and the vertex
produced by the muon and D, . The distance d? was allowed to be greater than d®, provided that the distance
betweenthe B and D verticesd2P waslessthan 3 (d2P).
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FIG. 1: All Bs candidates for the untagged sample for FIG. 2: All Bs candidates for the tagged sample for 0:01 <
0:01< VPDL < 0:06 cm. VPDL < 0:06 cm.

The measuredvisible proper decay length (VPDL or x™) is de ned as:

xM = (d2 Py )=(P;° *)? Mg 1)

The total number of D¢ candidatesin the masspeakis 13339 277,while the numberof D candidatesis 5019 292.
For the B2 mixing measuremen we use only B candidates with small visible proper decay lengths (see Figures 1
and 2). The number of B? candidateswith VPDL in range from 0:01cm to 0:06 cm is 7037 208and 376 31 of
them have an identi ed initial state avor from the opposite-side tag.

IV. INITIAL STATE TAGGING

The opposite-sidetagging (OST) of the initial a vor of the B mesonexploits the fact that in the bb pair production
there are always two particles in the nal state containing b-quarks. Typically those are two jet events with two B
mesonsin two badk-to-back jets, but the nal state could also contain a B baryon and/or have more than two jets.
In addition if the two b-jets originated from the avor excitation or gluon splitting processesthe angle betweenthe
jets is not necessarilycloseto 180 degreesbut varies over a wide range.

Purity, dilution and e ciency of the tagging are three useful parametersto describe the tagging performance.
The purity of the tagging method was dened as = Ncorrectly tagged events Ntotal tagged events - 1he dilution
is related to the purity with the simple formula D = 2 1. Finally the tagging e ciency is dened as

= Niotal tag ged events Niotal events -

A. Tagging pro cedure

A combination of information from identied muons and reconstructed secondaryverticesis usedto construct the
a vor tagging of Bs.

The tagging of the initial a vor of the B hadron is donewith the likelihood ratio method. It is assumedhat di erent
discriminating variablesxy; :::; X, areconstructedfor a givenevent. For aninitial b-quark a vor, the probability density
function for a given variable x; is denoted as f °(x;), while for an initial anti-b quark it is denoted as f °(x;). The
combined tagging variable y is de ned as:

— . = Xi) .
y—‘ Yis yl_f-b(Xi)' 2
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If for given event the value of x; is not de ned, y; is setto 1. The initial avor is taggedasa b quark if y < 1 and as
an anti-b quark if y > 1.

In practice, it is more corveniert to de ne the tagging variable as: d= (1 y)=(1+ y). The d changesbetween-1
and 1. d > Otagsthe initial B avor asabquark and d < 0tagsthe initial avor asan anti- b quark. For uncorrelated
variablesxy;:::; Xn, d givesthe best possibletagging performanceand its absolute value givesa dilution of given event.

In this analysis, all discriminating variableswerebuilt for everts with an additional muon opposite (cos (p ;ps) <
0:8) the reconstructed B hadron.

If there are seweral muons satisfying this condition, then the muon with the largest number of hit layersin the
muon systemis chosen. If the muons have the samenumber of the hit layers, then maximal Pt is the next measure.
For eac such muon, the following discriminating variables were de ned:

P .. P
charge of jet containing the muod'l Q; = ;dpr= ,p;, wherethe sum is taken over all charged particles,
including the muon, with R = )2+ ()2 with respectto the muon satisfying the condition R < 0:5.

transversemomertum of the muon relative to the nearestjet multiplied by its charge,pt® q .

In addition, a secondaryvertex corresponding to the decay of a B hadron wassearded for using all chargedparticles
in the evert. The muon was not required explicitly to be included in the secondaryvertex. The secondaryvertex
should contain at least 2 particles with axial impact parameter signi cance greater than 3. The distance Iy, from
the primary to the secondaryvertex should satisfy the condition: I, > 4 (ly). The details of the secondaryvertex
seard can be found in [4].

The momertum of the secondaryvertex psy was de ned as the sum of all momenrta of particles included in the
secondaryvertex. A secondaryvertex with cos (psv;ps) < 0:8 wasincluded j» the a vor tagging, and the secondary
vertex charge Qsy was de ned as the third discriminating variable: Qsy = (q'p'T)O 6=" (p})%® where the sum
wastakenover all particles included in the secondaryvertex. ParticlesfromB ! D X decay wereexphcnly excluded
from the sum.

The probability density functions for all discriminating variables were constructed using a B ! * D data
sample with small decay lengths. In this sample, the non-oscillating decays B® ! * D  dominate. The ratios
f 2(x;)=fP(xi) were computed separately for medium and tight-quality muons.

The analysis assumesthat the tagging purity is the samefor all B mesonsbecausethe opposite-side tagging
information has little correlation with the reconstructed B meson candidate. This meansthat the results for the
opposite-sidetagger determined from B4 and B, decays can be directly applied to the Bs. This assumption has been
chedked comparing dilutions obtained for semileptonic By and B, samplesas described in the next section.

B. Dilutions for Bgq and By

B4 and B, mesonswereselectedusing their semileptonicdecaysB ! * D%X and wereclassi ed into two exclusive
groups:\D " sample,cortaining all everts with reconstructedD ! D°  decays, and \ D?" sample,cortaining all
remaining events. Exploiting that semileptonicB decays are saturated by decaysto D, D andD , and the isotopic
invariance, it was determined from simulation and available experimental results that the B9 ( 85%)and B* ( 15%)
decays give the main cortributions to the \D " sample. The D® sample correspondingly has a 85% cortribution
from B* and 15% contribution from B which causesthe tiny oscillation in Figure 3.

We haverepeatedthe my measuremen describedin D  note 4330[5] with increasedstatistics of the samplesand
a cut on transversemomertum of the D meson PTD > 5 GeV to be consistert with the Pt spectrum of D, meson.
Figures 3, 4 show the results of this measuremet The VPDL bins from 0:01 cm to 0:05 cm have the samebin
width aswas usedfor the Bs mixing measuremen

The B4 mesonoscillation frequency was measuredwith the Opposite-Side Tagging algorithm to be equal to:

mg = 0:558 0:048(stat:) ps ! (3)
= 0:724 0:021 (stat:)
u = 0:734 0:015(stat:)

This result is in good agreemem with the world averageof mg = 0:502 0:007ps 1.

One of the purposesof this measuremehn is to extract the dilutions for reconstructed B4 and B, mesons. The
purities 4 and  are consistert within the statistical error. As an input to the Bs mixing measuremenh procedure
we usedpurity value , = 0:734 sincethe tagging algorithm was optimized using B4 sample.

The hypothesisthat the dilution is independent on the B mesontype has alsobeenchedked in Monte Carlo (MC).
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FIG. 3: The asymmetriesin the D ° sample asa function of FIG. 4: The asymmetriesin the D sample as a function of
the visible proper decay length. the visible proper decay length.

V. TAGGED Bs SAMPLE

Figure 1 shows all Bg candidatesfor the untagged samplefor 0:01< VPDL < 0:06 cm.

A. Mass Fitting Pro cedure

The number of Bg candidatesin the untagged sampleis quite large and allows usto t a large statistics sample.
However, oncethe data is a vor tagged into mixed and unmixed samplesand the data separatedinto bins of VPDL
the statistics in ead bin are very much reduced. To improve on the tting, we rst t the full untagged sample
( 0:01< VPDL < 0:06cm) and then x the massand width of the Ds from that sample when the a vor tagged
samplesare t. For tting the untagged sample, single Gaussiansare usedto describe the D ! andD !
decays, and the background is modeled by an exponertial.

VI. EXPERIMENT AL OBSER VABLES A

Everts weredivided into 7 groupsaccordingto the measuredVPDL. Intervals of VPDL for thosegroupsare de ned
in Tablel. The number of *Dg events with positive and negative tags, N5 and N/ °¢, in ead interval i were
determined from a t of the D, peakin the massM (D, ) distribution.

The number of \non-oscillated" and \oscillated" everts in eadh VPDL bin is given in Table | together with the
corresponding errors derived from the t.

bin|[VPDL range, cm|N™" ¢ (N™" )N | (N>°)| A (A})
1 001 O 12.17 5.24 11.19] 5.35 [0.042|0.321
2 0 001 23.39 7.30 26.21 6.86 |-0.057|0.203
3 0:01 0:02 24.79 8.62 34.28| 8.25 |-0.161|0.206
4 0:02 0:03 43.83 8.24 30.87 7.88 |0.174|0.154
5 0:03 0:04 23.09 7.50 20.29| 8.87 |0.065|0.271
6 0:04 0:05 37.49 8.89 26.85 7.69 |0.165|0.181
7 0:05 0:06 23.81 8.19 19.85 7.16 |0.091|0.247

TABLE I: * Ds sample. De nition of 7 intervals in VPDL. For ead interval this table lists the measured number of D5 for
the opposite sign and same sign as the tag N™" °; N, and their statistical errors (N™" °°), (N>°), all determined
from the ts of corresponding massMp distributions. Also listed are the measured asymmetries A; and their errors (A;).



The experimental obsenables,asymmetry A; in each VPDL bin, for this measuremen were de ned as:

non osc osc
Ni Ni

Ai = (4)

non osc osc’
N; + N,

where N™" °¢ is the number of everts tagged as \non-oscillated" and N°¢ is the number of events tagged as
\oscillated". Figure 5 shows the asymmetry de ned above as a function of the visible proper decay length.
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FIG. 5: The asymmetry in the Ds sample as a function of the visible proper decay length (VPDL).

VIl. FITTING PR OCEDURE

The D, sampleis composedmostly of B mesonswith some cortributions from B, and By mesons. The small
cortributions from b-baryons are neglected. The dierent speciesof B mesonsbehave dierently with respect to
oscillations. Neutral Bg and Bs mesonsoscillate while charged B, mesonsdo not, so we must take into accourt the
di erent frequenciesof oscillations during the tting procedure.

For a given type of B-hadron (i.e. d; u; s), the distribution of the visible proper decay length, x, is given by:

poon  ose=osc(yy = CLexp( :—X) 05 (1 (2 1)co{ ms Kx=0)) (5)
s Bs

Neps (X)) = NBeps(X) = CLexp( LX) os 6)
Bs C B,

nBon OSC(X) = Lexp( ﬁ) (1 ) (7)
C B, C B,
K K'x
nFE0 = o—exn( o)

non  0SC=0sc _ K K x . _

Ny x) = exp( ) 05 (1 (2 1)cod myg Kx=c) (8)

c Bd c Bd

whereK = PTD s =P is a K-factor re ecting the di erence betweenthe obsenable and true momertum of the B-

hadron (for more on the K-factor seeSectionVI1l), and is the lifetime of B-hadronstaken from the PDG [7]. The
D, chargehasdierent correlationswith the b-quark avor in the B, or By deca/s with respectto the B semileptonic
decays. The equations 7 and 8 take this into accourt.
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The transition to the measured VPDL, x™, is achieved by the integration over the K -factors and resolution
functions:
z Z

Ny —c0xM) = dxReg(x xM;x) Effj(x) dK Dj(K) (x) nignyr (% K): )

Res (x xM;x) is the detector resolution of the VPDL and Ef f; (x) is the reconstruction e ciency for a given decay
channelj of this type of B meson. Both are determined from the MC simulation.
The expected number of oscillated/non-oscillated everts in the i-th bin of VPDL is equalto

e,osc=non 0OsC _ Z M X x osc=non 0sc M
N, = dx" ( (Brj Ng. xM) (20)
! f=uds j
_ R . _ . . P .
The integration dxM is taken over a given interval i, the sum j is taken over all decey channelsB! * D X

and Br; is the branching ratio of a given channelj. The latest PDG values[7] were usedfor the B deca branching
fractions.

Finally, the expectedvalue A¢ for interval i of the measuredVPDL is given by formula (4) with N;"™" ¢ and N5
substituted by N>™" ¢ and N5,

In order to seta limit on the value of mg, we choseto usea technique called the amplitude t method [8]. This
technique requiresus to modify equation (5) to the following form

0o 0SC=0SC (y) = CLexp( :—X) 05 (1 (2 1)co{ ms Kx=c) A) (12)

s s

where A is now the only t parameter.
The tted valuesof A asa function of mg were determined from the minimization of a 2(A) de ned as:

(Ai AF(A)?

) _ X
()= 2(A)

(12)

The valuesof mg were changedfrom 1 ps ! to 10 ps ! with a step sizeof 1 ps . For ead value of mg the tted
value of A and its error were determined.

VI Il INPUTS TO A?

We have usedthe measuredparametersfor B mesonsfrom the PDG [7] asinputs for the tting procedure:c g+ =
501 m,cgo =460 m,cp, =438 m,and mgy= 0:502ps .

The latest PDG valueswerealsousedto determinethe branching fractions of decays cortributing to the D, sample.
We usethe event generator EvtGen [9] sincethis code was developed speci cally for the simulation of B decass. For
those branching fractions not given in the PDG, we used the values provided by EvtGen. Taking into accoun the
corresponding branching rates and reconstruction e ciencies, we determined the following cortributions to our signal
region from the various processes:

B! ' Dg :20:6%;

S

B! * D, ! *D

S

s - 57:2%;

BO! * Dy ! * D :l14%

0

BO! * Do ! * Dy :29%
BO! DID X;Dg! X :11:3%;
B*1 DD X;D! X :32%

BY! DD¢X;D! X 3:4%;
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In the above numbers, the reconstruction e ciency doesnot include any lifetime cuts. We determined the e ciency
of the lifetime selectionsfor the sampleas a function of VPDL asshawn in Figure 6 for the decay Bs! * D X.

The badkground due to cc pairs originating from gluon splitting is an important cortributor to the sample compo-
sition sincethey can producethe D ¢ signature. For this to happen one c-quark must fragmert to a Ds mesonand
the other c-quark must decay semileptonically. The OST usedfor this analysisrequires a muon on the opposite side
and therefore should suppressmuch of the cc contribution.

We estimate the cc cortribution to the D s sampleby using our estimate of this cortribution to the D © sample
usedfor the lifetime ratio analysis[6]. The cc cortribution wasdeterminedto be 3.5 2:5% after avor tagging. The
VPDL distribution for cc events was determined from MC.

Semileptonic B decays necessarilyhave a neutrino presen in the decay chain making a precise determination of
the kinematics for the B mesonimpossible. In addition other neutrals or non-reconstructed charged particles can be
presert in the decay chain of the B meson. This leadsto a bias towards smaller valuesof the B momerntum calculated
using the reconstructed particles. A common practice to correct this bias is to scalethe measuredmomertum of the
B by a K -factor, which takesinto accourt the e ects of neutrinos and other lost (or not used) particles. The K -factor
was estimated from the MC simulation. For this analysisit wasde ned as:

K =pr(D s)=pr(B); (13)

where pr denotesthe absolute value of transversemomertum.

In determining the K -factor, generator level information was used for the computation of pr. Following the
de nition usedin (13), the K -factors for all considereddecays were calculated. Figure 7 shaws the distributions of
the K -factors for the semileptonic decays of the Bs. As expected, the K -factors for Dy ;D , and Dzl have lower
mean valuesbecausemore decay products are lost. Note that sincethe K -factors in (13) werede ned asthe ratio of
transversemomerta, they can exceedunity.

A. VPDL resolution

The deca length resolution for all sampleswas taken from the MC simulation and was parameterizedby the sum
of three Gaussiansin the caseof semileptonic B decays and by two Gaussiansin all other cases.

B. Tuning pro cedure for VPDL resolution

One of the most important issuesfor Bs mixing is the proper time resolution. We useMC simulation to determine
the resolution, however this assumesthe uncertainties on the tracks are properly modeledin MC. A procedure for
reconstruction and propagation of the tracks assignsan error matrix to ead track. An elemen in this matrix which
corresponds to the impact parameter (IP) error is the most important one for the secondaryvertex reconstruction.



A technique to determine the IP errors with better accuracy was developed at DELPHI [10]. The IP error, |p,
dependson the number of the SMT hits on the track, geometricallocation of the hit silicon sensorsthe cluster width
of the SMT hits, and the track momertum p and polar angle . We usedthe following functional form to t this
dependence:

In( |2P)jV(p; )>c a+b (V(p;) C)Z;
In( 2p)iv(p; y<c = @ (14)

whereV(p; )= In(p?sin® ). The parametersa, band c depend on the number of SMT hits, and their con guration
and cluster width.

The 2, assignedby the tracking can be compared with the \true" IP resolution determined from the impact
parameter distributions for the tracks coming from the primary vertex. We selectedsud tracks in evernts which
passedQCD triggers, and removed tracks from long lived particles such asKs and . The sametuning procedure
was applied to the MC tracks. Finally, we have four sets of the parametersa, b and ¢ for eac hit con guration:

Assignedtrack errors for data: add@, | e | claa

\T rue" track errors for data; ada®@  pfata —cdata

tr ue s ™Mr ue?
Assignedtrack errors for MC: af%.,., B, €™

r ack ’

\T rue" track errors for MC: af$., 'S, €™

The parameter ¢ was determined from the assignedtrack errors and xed to this value whenwe t the \true" track
errors. We usethesesetsto scalethe track errors for data and MC. In addition the MC tracks were smearedto have
the same\true" errors asthe data ones. The dependenceof the scalefactors on hit con gurations, track momertum
and polar angle is taken into accourt.

Signal MC was usedto determine how the tuning procedure changesthe VPDL resolution function. The fractions
and widths of the gaussianshave been xed to the values before tuning. The overall scalefactor on the VPDL
resolution was found to be equalto SF = 1:095. Figure 8 shows the VPDL resolution before and after the tuning
procedure. The t shows good agreemei with the assumptionthat the scalefactor is the samefor all componerts.

0.2

- . . . Entries 36751
-Dé Run Il Preliminary | vean 0.0001737

0.18- RMS 0.007375
[ eeeeees before tunin . c2 / ndf 19.28/25 5

0.161— Her tuni 9 P Prob 0.7837 [ Resolution Scale Factor vs VPDL || ¢*/ ndf 5.828/-3
C after tuning ‘A po 0.00198 + 0.00001 1.3 po 1.144+ 0.01844

0.14 L pl -3.147e-05 + 1.031e-04 E pl 31.41+ 15.88
- P2 0002497 £0.000000 Y2 Dé Run Il Preliminary p2 1602+ 0.2952
- p3 0.1982 + 0.0000 =

0.121- p4  -7.593e-05+ 7.951e-05 12—
C p5 0.004718 + 0.000000 F

0.1 p6 0.5051+ 0.0000 £ L1155 1 !

H p7  -0.0004733 + 0.0001485 s F 1

0.08— p8 0.01134 + 0.00000 o l'lf
C 1.095 * 0.006 s £

G @ 105

i E /1

L 1! a
a H -pl- x+p2

0.04F 2 . _eP
r 0.95 po 1 e

002; 0.9k\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
C 0 0.02 0.04 006 0.08 0.1 0.12 0.14 0.16 0.18 0.2 0.22

Ll VPDL (cm)

P lllllll lllllll
-8.03 -0.02 -0.01 0 0.01 0.02 0.03

VPDL .-VPDL,, (cm) FIG. 9: The scalefactor in the VPDL resolution increasesas

a function of VPDL.

gen

FIG. 8: Distribution of (reconstructed VPDL - generated
VPDL) fordecay Bs! * D¢ X beforeand after the tuning
procedure.

The VPDL resolutions have beenfound to depend on the VPDL. We describe this e ect by using a variable scale
factor SF for the VPDL resolution (Fig. 9). This dependencewas implemented in the asymmetry tting procedure.
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IX. RESUL TS

Figure 10 shows the dependenceof the parameter A and its error on  ms. A 95% con dence level limit on the
oscillation frequency mg > 5:2 ps ! and a sensitivity 5:1 ps ! were obtained with statistical error only.
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FIG. 10: B? oscillation amplitude with statistical and systematic errors.
X.  SYSTEMA TIC UNCER TAINTIES AND CR OSS CHECKS
All studied cortributions to the systematic uncertainty of the amplitude are listed in Table Il. The resulting

systematic errors were obtained using the following formula [8]:

AP AT A (15)

and summedin quadrature. The result is shovn in Figure 10.

Xl.  CONCLUSIONS

Using a signal of 13.3k BY ! * D¢ X decas where Dg ! , ! KK and an opposite-side avor tagging
algorithm, we performed a seart for B B? oscillations. We obtain a 95% con dence level limit on the oscillation
frequency ms > 5:0 ps ! and a sensitivity 4:6 ps *.
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TABLE |I: Systematic uncertainties on the amplitude. The shifts of both the measured amplitude,

A, and its statistical uncertainty,

Osc. frequency

1ps® 2ps® 3ps ! 4ps* 5ps® 6pst 7ps? 8ps ! 9ps ! 10ps

T

Amplitude A 0:228 0:432 0:690 0:286 0:057 0:051 0:598 1:441 2130 3:234
Stat. uncertainty sat | 0:349 0:386 0:457 0:479 0:572 0:860 1:043 1:189 1:466 2:465
s = 0:719 A [+0.010 -0.028 -0.043 -0.018 -0.003 +0.008 +0.044 +0.097 +0.142 +0.217
+0.024 +0.026 +0.031 +0.033 +0.039 +0.059 +0.071 +0.081 +0.113 +0.169

cc: 6% A [+0.044 -0.042 -0.058 -0.012 +0.004 -0.018 +0.013 +0.114 +0.175 +0.471
+0.034 +0.022 +0.026 +0.027 +0.033 +0.068 +0.086 +0.097 +0.124 +0.270

DsDs: 21:6% A [+0.014 -0.045 -0.070 -0.032 -0.007 +0.015 +0.077 +0.156 +0.227 +0.342
+0.038 +0.044 +0.052 +0.054 +0.064 +0.095 +0.116 +0.130 +0.174 +0.269

Cg, = 455m A [+0.004 -0.004 -0.005 +0.001 +0.001 +0.000 +0.005 +0.014 +0.018 +0.040
+0.003 +0.002 +0.003 +0.002 +0.003 +0.007 +0.006 +0.008 +0.023 +0.034

samee . dependence A |+0.011 -0.004 -0.011 -0.005 -0.003 -0.006 +0.000 +0.018 +0.028 +0.041
for signal and bkg +0.004 +0.004 +0.005 +0.005 +0.006 +0.009 +0.011 +0.013 +0.028 +0.028
Resolution S:F: = 2 A | -0.005 +0.002 +0.007 +0.004 +0.003 +0.006 +0.003 -0.009 -0.015 -0.003
for background -0.002 -0.002 -0.003 -0.003 -0.004 -0.006 -0.125 -0.010 +0.000 -0.011
Ds masschanged to A | -0.003 -0.004 +0.020 -0.003 +0.016 +0.023 -0.024 -0.016 -0.054 -0.124
1:9601+ 0:0007 +0.006 +0.000 -0.005 +0.013 +0.017 -0.006 +0.000 +0.034 +0.053 +0.053
Ds sigma changed to A | -0.041 -0.034 -0.006 +0.010 +0.136 +0.186 -0.075 -0.114 +0.002 -0.009
0:02336 0:00076 +0.014 +0.015 +0.010 +0.048 +0.025 +0.031 -0.002 +0.057 +0.101 +0.119
D¥ masschangedto A | -0.040 -0.006 +0.023 +0.040 +0.062 +0.065 -0.015 -0.046 -0.063 -0.162
1:8641 0:0016 +0.006 +0.001 +0.007 +0.019 +0.021 +0.002 +0.002 +0.035 +0.067 +0.071
Bkg. from A | -0.103 +0.008 +0.035 -0.020 -0.002 +0.066 -0.016 -0.227 -0.412 -0.756
wrong sign combination -0.006 +0.002 +0.004 +0.016 +0.019 +0.003 +0.003 +0.022 +0.042 -0.041
Bkg. parametrized A | -0.028 +0.002 -0.044 -0.124 +0.033 +0.146 -0.080 -0.095 -0.014 -0.084
by straight line +0.042 +0.023 +0.024 +0.070 +0.070 +0.115 +0.126 +0.215 +0.251 +0.276
mass bin A | -0.051 +0.023 +0.089 +0.002 -0.013 +0.151 +0.246 +0.021 -0.298 -0.471
smaller by 50% -0.029 -0.010 -0.031 -0.030 -0.021 -0.120 -0.123 -0.116 -0.124 -0.194
= =02 A | -0.000 -0.001 -0.001 -0.001 -0.001+0.001 +0.002 +0.002 +0.002 +0.002
+0.000 +0.001 +0.001 +0.001 +0.001 +0.001 +0.001 +0.001 +0.014 +0.002

Resolution S:F: = 1:115| A [+0.006 -0.003 -0.021 -0.011 +0.002 +0.001 +0.038 +0.154 +0.247 +0.233
+0.001 +0.007 +0.013 +0.020 +0.030 +0.061 +0.100 +0.139 +0.198 +0.266

K-factor variation A |[+0.009 +0.012 -0.000 -0.035 -0.011 -0.027 -0.095 -0.134 -0.096 -0.264
2% -0.003 +0.003 -0.005 +0.002 -0.016 -0.037 -0.005 -0.028 -0.053 -0.290

Total ot | 0.427 0.424 0.490 0541 0.655 0.951 1.084 1.254 1577 2.636

, are listed

1T
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